CONCRETE MODULE FOR FLOATING 
STRUCTURES AND METHOD OF CONSTRUCTION 



CROSS REFERENCE TO RELATED APPLICATION 
[0001] This application claims the benefit of a prior filed, co-pending provisional 

application Serial No. 60/455,283, filed March 17, 2003, entitled CONCRETE MODULE 
FOR FLOATING STRUCTURES AND METHOD OF CONSTRUCTION. 

BACKGROUND OF THE INVENTION 
[0002] The present invention relates to floating structures and methods of 

constructing floating structures and, more particularly, to a concrete module for floating 
structures and a method of constructing the structures and the modules. 

[0003] Floating structures, such as docks, decks, wharfs, breakwater, floating 

walkways, boat slips and other structures are generally known in the art. These structures 
may be constructed of wood or other buoyant material that allows the structure to float in 
water. One problem with these relatively light weight structures is they are not durable and 
are prone to excessive movement on rough waterways. 

[0004] Other floating structures have been proposed using concrete modules with 

a concrete shell over a hollow center core or float. The modules of these structures typically 
flex or bow with respect to each other resulting in an unstable platform and incur damage 
along the modules' edges from the movement. These structures often have gaps or spaces 
between the modules that must be filled or otherwise maintained. 

[0005] The connecting passages through some of the prior art floating concrete 

modules include metal lines or tubes embedded in the concrete to provide passages through 
the module for the interconnecting cable, chain or rod. The metal lines or tubes often rust or 
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react with the interconnectors. Electrolysis also may occur due to the dissimilar metals of the 
liner and the interconnectors causing the cables, rods, or chains to rust, weaken and 
eventually break. Other structures do not allow a practical way to attach a roof structure, 
rails, boat lift brackets, cable attaching brackets, and stiff arm brackets, to the main frame of 
the dock structure. 

SUMMARY OF THE INVENTION 
[0006] Accordingly, a concrete module and method for making the module and 

structures using the modules are provided. The concrete module includes a concrete shell, 
buoyant core and passages through the module for interconnecting two or more modules 
using connecting rods, cables or other means. The modules are shaped to allow contact 
along the vertical edges of abutting modules. Reinforcing concrete ribs in the top and side 
surfaces of the module are provided to add strength and rigidity to the module. Locking keys 
and locking keyholes incorporated into the sides of the module aid in aligning the modules 
when assembling a structure and help transfer loads between modules to strengthen and 
stiffen the structure. 

[0007] The module is fabricated up side down in a mold. The mold incorporates 

beveled or radius corners which are transferred to the perimeter of the top surface and sides 
of the module. The mold also uses removable core rods to form the concrete passages 
through the module and to center the buoyant core within the concrete shell of the module. 
Fabrication of the module up side down eliminates the need to hand finish the top surface of 
the module and gives a finished casted texture to the surface or top of the module. 
[0008] Modules are assembled together to form a floating structure by aligning the 

locking keys and keyholes of adjacent modules and inserting interconnecting rods or other 



interconnecting means through the aligned passages. Brackets are connected to the outside 
ends of the interconnecting rods to distribute the load from structures attached to the brackets 
to the rods or over a larger surface area of the modules. 

[0009] Other advantages of this invention will become apparent from the 

following description taken in connection with the accompanying drawings, wherein is set 
forth by way of illustration and example, a preferred embodiment of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] Fig. 1 is a perspective view of the concrete module of the present 

invention. 

[0011] Fig. 2 is a front elevational view of the concrete module of Fig. 1. 

[0012] Fig. 3 is a top plan view of the concrete module of Fig. 1 . 

[0013] Fig. 4 is a perspective view of a rectangular concrete module of the present 

invention. 

[0014] Fig. 5 is a top plan view of the rectangular concrete module of Fig. 5. 

[0015] Fig. 6 is a partial top plan view illustrating the interface between six 

concrete modules. 

[0016] Fig. 7 is a front elevational view of the buoyant core of the concrete 

module of Fig. 1. 

[0017] Fig. 7a is a detail view of a notch in the top surface of the buoyant core of 

Fig. 7. 

[0018] Fig. 7b is a detail view of the grooves in the side surfaces of the buoyant 

core of Fig. 7. 

[0019] Fig. 8 is a side elevational view of the buoyant core of Fig. 7. 



[0020] Fig. 8a is a detail view of a notch in the top surface of the buoyant core of 

Fig. 8. 

[0021] Fig. 9 is a top plan view of the buoyant core of Fig. 7. 

[0022] Fig. 10 is a bottom plan view of the buoyant core of Fig. 7. 

[0023] Fig. 1 1 is a front elevational view of the fabrication mold for the concrete 

module of Fig. 1 shown with the front panel removed. 

[0024] Fig. 12 is a perspective view of a floating structure made with a plurality of 

concrete modules of Fig. 1. 

[0025] Fig. 13 is a front elevational view of a major flat bracket used with a 

floating structure made with modules of the present invention. 

[0026] Fig. 14 is a top plan view of a bottom plate used with a floating structure 

made with modules of the present invention. 

[0027] Fig. 15a is a front elevational view of a side mount bracket used with a 

floating structure made with modules of the present invention. 

[0028] Fig. 15b is a top plan view of the side mount bracket of Fig. 15a. 

[0029] Fig. 16a is a front elevational view of an outside corner mount bracket used 

with a floating structure made with modules of the present invention. 

[0030] Fig. 16b is a top plan view of the outside corner mount bracket of Fig. 16a. 

[0031] Fig. 17a is a front elevational view of an inside corner mount bracket used 

with a floating structure made with modules of the present invention. 

[0032] Fig. 17b is a top plan view of the inside corner mount bracket of Fig. 17a. 
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DET AILED DESCRIPTION 
[0033] Referring to Figs. 1-3, a concrete module of the present invention is 

generally indicated by reference numeral 20. Module 20 includes a buoyant center core 22 
with a concrete outer shell 24, reinforcing ribs 26 under the top surface 28 of concrete shell 
24 and a bottom surface 29. Reinforcing ribs 26 provide additional strength to the top of 
module 20. The top and side edges 3 1 of module 20 are rounded or angled. 
[0034] The module 20 includes a first set of frame rode or cable passages 30 

which extend from the front to the rear of the module 20 along a first set of spaced-apart 
planes generally parallel to the top surface 28 of concrete shell 24. A second set of frame rod 
or cable passages 32 extend between the sides of the module 20 along a second set of spaced- 
apart planes generally parallel to the top surface 28 of concrete shell 24. 
[0035] The vertical surfaces of concrete shell 24 include spaced-apart locking keys 

34 and matching locking keyholes 36. The locking keys 34 and locking keyholes 36 are 
positioned so as to be aligned when two or more modules 20 are interconnected to form a 
floating structure 80 (Fig. 12). The locking keys 34 and locking keyholes 36 aid in aligning 
the modules 20 and the frame rod passages 30 and 32 during assembly of a floating structure 
of modules 20 and interlock within the floating structure to help hold the structure together 
by maintaining the modules 20 in horizontal and vertical alignment. A plurality of modules 
20 may be connected together with an interconnecting means such as rods or cables which 
pass through passages 30 and 32. Connection of the modules 20 is described in detail below. 
[0036] In the preferred embodiment, module 20 may be forty-eight inches wide by 

forty-eight inches deep by thirty-six inches high. Another common size for module 20 is 
twenty-four inches wide by forty-eight inches deep by thirty-six inches high as shown in 
Figs.4 and 5. The size of module 20 allows for transportation using standard hauling trucks 
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and placement or moving with skid loaders and fork lifts. The modules 20 have common 
sizes and connecting passages 30 and 32 that are uniform to allow custom designed docks 
and other floating structures. 

[0037] Referring to Figs. 1 and 6, a partial plan view of six interconnected 

modules 20 is shown (Fig. 6). The vertical sides of module 20 may be slightly concave as 
generally indicated by reference numeral 42 to allow the modules to abut one another along 
the vertical edges 44 of module 20 at the corners. The amount of concavity indicated by 
reference numeral 42 is exaggerated for clarity. In the preferred embodiment, the vertical 
sides of module 20 may have a curvature of one sixteenth of an inch over forty-eight inches. 
Thus, the separation between modules 20 at their midpoint may be one eighth of an inch. 
[0038] A flexible gasket material such as silicon (not shown) may be added to the 

inside of locking keyholes 36 to make the transfer of tension and pressure in compression 
forces between modules 20 more uniform. A gasket material may also be added to the 
vertical edges 44 of the modules 20 along the line of contact between modules. 
[0039] The buoyant core 22 may be made or formed from a block of expanded 

polystyrene or other foam material. Expanded polystyrene displaces water, does not allow 
water within the buoyant center region occupied by core 22 within concrete shell 24, and 
generally does not absorb water or deteriorate when exposed to water. A hollow center, such 
as a hollow plastic block or other similar structure and arrangement, could also be used. 
[0040] The concrete shell 24 has side thickness of approximately one and one-half 

inches. Thus the dimensions of the buoyant core 22 are approximate forty-five inches wide 
by forty-five inches deep by thirty-three inches high for a standard size module 20. 
[0041] The height of the buoyant core 22 may vary depending on live weight or 

dead weight at the particular location of the module 20 in the overall floating structure. The 



buoyant core 22 provides the buoyancy needed to float the entire module 20 along with any 
other live and/or dead weight such as people, roofs, snow, ice, buildings, and other items and 
objects. Generally, the greater the height of the module 20 the more buoyant the module 20. 
As such, the particular location of the module in the floating structure may determine what 
height module 20 will be used. A light-weight concrete may also be used to provide more 
buoyancy to the dock where needed. 

[0042] A standard module 20, which is the primary module used throughout 

constructing most of a floating structure, has a height of approximately thirty-six inches. In 
locations where buildings, posts for roofs, or any other objects exerting an above average 
weight on a continuous basis are located, modules 20 with heights greater than thirty-six 
inches may be used. These types of locations require a higher degree of floatation due to the 
greater than average load on these modules 20. Without the greater height additional stresses 
are placed on the interconnecting rods or cables to distribute the load to adjoining modules 
20. It is the plurality of modules 20 interconnected together that provides the stability and 
the desirable features of a floating structure 80 (Fig. 1 2). 

[0043] Increasing the height of the buoyant core 22 and thus module 20 provides 

extra floatation to support any added weight, which in turn relieves stress on the 
interconnecting means and the adjoining modules 20. The exact measurements of the core 
22 and module 20 may vary depending on the particular application, type of materials being 
used, the configuration of the modules 20 in the floating structure, and the degree of 
buoyancy needed for the weight 

[0044] The basic module 20 is generally rectangular in shape. Other shapes are 

also considered within the scope of this invention. A triangular shaped module (21, Fig. 12) 
may be provided for interior corners to reinforce and add strength to the overall floating 



structure or for aesthetic purposes. In addition, triangular shaped modules, when used in 
opposing pairs at the front of a boat slip, may be used to form a boat bow receiving area. 
This reduces the open area along the front of a boat when docked in the slip. These other 
shaped modules 10 have all the features of the basic module 10. The only difference is the 
number of sides. 

[0045] Referring to Figs. 7-10, the buoyant core 22 is illustrated. The buoyant 

core 22 may include a first 50 and a second 52 notch in a top surface 54. When filled with 
concrete, the notches 50 and 52 form reinforcing ribs 26 (Figs. 1 and 3). Notches 50 and 52 
are generally perpendicular to one another and intersect generally in the center of the top 
surface 54 of buoyant core 22. Notches 50 and 52 are sized approximately two inches wide 
at the top, two inches deep and taper to one inch at the bottom. Core 22 includes a tapered 
side portion 56 near the top 54 to allow for additional concrete in this area of the shell 24 
when module 20 is formed for added strength. 

[0046] Buoyant core 22 includes grooves 58 and 60 along the sides of the core 22. 

The grooves 58 and 60 provide a path for forming the first and second sets of passages 30 
and 32 (Fig. 1) through module 20. All of the grooves 58 and 60 are generally parallel to the 
top surface 54 and bottom surface 55 of core 22. Grooves 58 are uniformly spaced along the 
sides of core 22. Grooves 60 are also uniformly spaced along the sides of core 22 and offset 
from grooves 56 by approximately one and one-half inches. 

[0047] In a four-sided core 22, there are sixteen grooves, four on each vertical side 

of core 22. Groove 58 along with the corresponding groove 58 on the opposite side of core 
22 define a plane which is parallel to the top surface 54 of core 22. Each of the four grooves 
58 on one side of core 22 has a corresponding groove 58 on the opposite side of core 22, each 
pair defining a plane generally parallel to the top surface 54 of core 22. Likewise, each 



groove 60 on one side of core 22 has a corresponding groove 60 on the opposite side of core 
22, each pair of grooves defining a plane generally parallel to the top surface of core 22. The 
planes defined by grooves 58 and the planes defined by grooves 60 are non-common 
generally parallel planes. 

[0048] The buoyant core 22 may be cut from a bulk block of expanded 

polystyrene. Typically two or more buoyant cores 22 may be cut from a single bulk block of 
polystyrene. The buoyant core 22 may be cut into the proper dimensions with notches 50 
and 52, grooves 58 and 60, tapered top portion 56. The core 22 may be cut using any method 
such as a heated wire cutting tool for example. 

[0049] Referring to Fig. 1 1, a mold 62 for forming module 20 is illustrated. Mold 

62 includes a bottom plate 64 and hinged sides 66. As illustrated, the front side of mold 62 is 
removed in order to better illustrate and show the other components and features of mold 62 
and module 20. 

[0050] Module 20 may be formed upside down which allows the top surface 28 of 

shell 24 to include a precast flat textured top surface 28 (Fig. 1) with beveled or radiused 
edges. Bevels 68 at the bottom sides 66 of mold 62 form the beveled edges of module 20. 
Sides 66 also include forms 35 and 37 for the locking keys 34 and locking keyholes 36. Only 
keyholes 36 may be cast into the sides of a module with loose two-sided keys (not shown) 
cast separately. The keyholes of abutting modules may then be aligned and the two-sided 
keys inserted to the facing keyholes. 

[0051] Typically, reinforcing rods 70 may be positioned in the notches 50 and 52 

of core 22 prior to placement in the mold 62. Any type of reinforcing rods 70 may be used 
which provide adequate strength to the ribs 26 (Fig. 1) such as a standard metal reinforcing 
rod 3/8 inches in diameter and cut to a length just slightly shorter than the length of the 
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notches 50 and 52. The notches 50 and 52 containing the reinforcing rods 70 and filled with 
concrete, form reinforcing ribs 26. The reinforcing ribs 26 are integrated and formed with 
the concrete shell 24 and are positioned within the top surface of the module 20. 
[0052] The reinforcing ribs 26 provide strength for the top surface 28 of module 

20. Since the typical module 20 is four feet across the reinforcing ribs 26 provide significant 
strength to prevent the concrete from breaking under heavy weight. Any number of 
reinforcing ribs 16 could be added if necessary. 

[0053] A module 20 is formed by first cleaning the interior surfaces of mold 62 

and oiling the surfaces with a concrete release coat. A pre-trimmed foam core 22 and two 
reinforcing rods 70 are placed upside down in mold 62. The sides 66 of mold 62 are closed, 
sealed and tightened down with clamps. Sixteen core rods (not shown) are inserted through 
holes in the sides 66 of the mold 62 which are in axial alignment with the grooves 58 and 60 
in core 22. 

[0054] Concrete is added to the mold 62. Mold 62 is vibrated around all six sides. 

Spacers (not shown) may be used along with the core rods (not shown) to maintain the foam 
core 22 in the correct position as the concrete is poured into the mold 62 and vibrated. 
Vibrating the mold 62 helps eliminate any air pockets or voids in the concrete and increases 
the density of the concrete at the bottom of the mold 62 which results in a stronger and 
denser upper surface 28 of module 20. 

[0055] The concrete is a standard Portland mix with aggregate stones, sand and 

fibers. Other concrete such as light weight concrete using expanded shale aggregate may be 
used to form concrete shell 24. Other methods of reinforcing the concrete may be used such 
as incorporating reinforcing rods, metal screen or woven wire, fiberglass meshes and various 
types of fibers added to the concrete. 



[0056] The concrete used to make the concrete shell 24 may be reinforced with a 

fibrillated fiber made with polypropylene. The polypropylene fibers help strengthen the 
concrete, are water resistant and do not rust or deteriorate when exposed to water for long 
periods of time. 

[0057] Once the mold 62 is vibrated and the concrete settles, the top of the 

concrete is scraped flush with to top of mold 62 forming the bottom surface 29 of module 20. 
The concrete at the top of the mold 62 does not have to be hand tooled and finished because 
it is the bottom of the concrete module 20, which saves time and labor during fabrication of 
module 20. The core rods (not shown) are removed after the concrete has reached a semi- 
plastic condition and will hold its shape after the core rods are removed. As the rods are 
removed, they can be rotated and pulled back and forth to smooth the inside of the passages 
30 and 32. The smooth surfaces help prevent erosion of connecting rods and cables due to 
rough surfaces. Typically, a passage forming rod has an outside diameter of approximately 
7/8 inch which provides passages 30 and 32 having an inside diameter of approximately the 
same dimension. As such, an interconnecting rod or cable of up to approximately 7/8 inch in 
diameter may be used to connect the modules 20. 

[0058] The concrete module 20 is removed from mold 62 after approximately 

twenty- four hours depending on the temperature, humidity and other curing conditions. The 
modules 20 are placed right side up and are ready for use or storage. Additional hardening 
systems may be used to increase the strength of the concrete. 

[0059] When module 20 is formed, concrete in the grooves 58 and 60 form 

horizontal ribs around the module 20 and provide for the concrete passages 30 and 32 
through module 20. The horizontal concrete ribs in combination with an interconnecting rod 
or cable through passages 30 and 32 which are tightened and thus under tension when the 
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modules 20 are fastened together, result in a pre-stressed beam which is very rigid and 
strong. The resulting structure 80 is solid with little flex. 

[0060] Referring to Fig. 12, modules 20 are designed to be used with a plurality of 

modules 20 interconnected to form a floating platform or structure 80. The floating structure 
80 built with interconnecting modules 20 provides a flat rigid structure with a high degree of 
stability. 

[0061] The interconnecting rods or cables may be used to connect a plurality of 

modules 20 together to form a floating structure 80. Other interconnecting means may used 
such as chain or similar connecting apparatuses or devices. In the preferred embodiment, 
rods 100 with threaded ends 101 are used (see Figs. 15-17). Rods 100 add rigidity to the 
structure 80, may be made in any length on location or at a factory, generally do not stretch 
as does a chain or cable when under tension for long periods of time, and any excess may be 
readily and easily trimmed. Typically, steel rods 100, or interconnecting means of the 
desired length are inserted through the passages 30 and 32 on the modules 20 to be 
interconnected. A nut 102 (Figs. 15-17) is screwed onto one of the threaded ends 101. The 
modules 20 are then positioned tightly against one another using locking keys 34 and locking 
keyholes 36 to align the modules 20. A second nut (not shown), is then screwed onto the 
other threaded end to place tension on the rod 100 and to hold the modules 20 tightly against 
one another. As all the interconnecting rods 100 are secured and tightened, the floating 
structure 80 becomes rigid and stable. The horizontal concrete ribs in combination with an 
interconnecting rod or cable through passages 30 and 32 which are tightened and thus under 
tension when the modules 20 are fastened together, result in 1 6 steel-reinforced pre-stressed 
concrete beams per module, which are very rigid and strong. 
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[0062] In a typical application, the size of the structure 80 to be assembled is 

predetermined. Thus the rods 100 may be precut to the necessary lengths. All steel 
components including the rods 100, nuts 101 and brackets (Figs. 13-17) are hot dipped 
galvanized produced by immersion in a molten bath of zinc. The threaded ends 101 of rods 
100 are under-threaded to allow build up of zinc. After being galvanized, the rod ends 101 
are rethreaded to the proper thread size or cleaned as necessary for nuts 102. In this way, the 
zinc layer is not removed when the nuts 102 are installed on the rod ends 101 . 
[0063] In accordance with the features of the module 20 of this invention, the 

interconnecting rods or cables 100 are in non-common planes through passages 30 and 32. 
This arrangement places two rods 100 or interconnecting means in each of the eight planes 
defined by the pairs of opposing passages 30 and 32. This arrangement and location of the 
interconnecting rods 100 secure the modules 20 against one another with little flexing and 
bowing. Because of the curved sides of the modules 20, the modules 20 contact one another 
evenly along the vertical edges. 

[0064] A variety of brackets is shown in Figs. 13-17. All brackets are made of 

steel components which are hot dipped galvanized. The brackets are used for a variety of 
different purposes. One type of bracket 90 is used at the ends of interconnecting rods 1 00 
extending from the vertical surfaces of abutting modules 20. The bracket 90 is basically a 
rectangular plate having apertures corresponding to the locations of passages 30 and 32 on 
modules 20. The bracket 90 is used on the outside of the modules 20 along the seam 
between two abutting modules to transfer tension from the fame rods or cables 100 to a larger 
surface of the concrete module 20. Bracket 90 may also be configured as a ninety degree or 
right angle bracket for application to either an outside or inside corner of modules 20 and 
floating structure 80. Locking keys 34 extending from the side of a module 20 that interfere 
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with the installation of any bracket may be removed with a hammer and brick set. Locking 
keyholes may be covered with a bracket. 

[0065] Bracket 92 may be used to anchor a vertical post to module 20. Holes 94 

in bracket 92 provide a means to anchor the bracket to a module 20 with anchor bolts or 
concrete screws. Bracket 92 also includes a drain hole 96 to allow water to drain from a 
hollow steel post, for example. 

[0066] Side mount bracket 98 is attached to a pair of abutting modules 20 with the 

frame rods 100 and nuts 102. The upright post 104 extends above the top surface 28 of 
module 20. An outside corner mount bracket 106 and an inside corner bracket 108 are also 
shown. 

[0067] Brackets attached using the frame rods 100 and nuts 102 are the preferred 

method of attaching roof uprights, ramps, stiff arms, boat lifts, corner bracing or other 
features for example. The brackets transfer forces, weight and impact stresses from any 
structure directly to the modules 20 through the frame rods 100 

[0068] At the job site, the modules 20 are placed in the water. A plurality of the 

modules 20, as dictated by the desired configuration, are positioned in line and aligned using 
the locking keys 34 and locking keyholes 36. An interconnecting rod 100, cable or other 
interconnecting means, is inserted through the passages 30 or 32 in the plurality of modules 
20. A nut 102 is typically placed on one end of the rod 100 to prevent the rod 100 from 
being pulled from the modules 20 as other modules 20 are added. Once the line is formed a 
second nut is added to the opposite end of rod 100 to prevent the modules 20 from 
separating. A second line is similarly constructed along side the first. After the second line 
is assembled, other interconnecting rods may be inserted through the other set of passages 30 
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or 32 to interconnect the modules 20 in the other direction. Modules 20 are then added to 
form the desired configuration. 

[0069] At the intersection of the abutting modules 20, where no structure or other 

item is to be attached, bracket 90 is added and attached in conjunction with the 
interconnecting rods 100 and nuts 102. At the corners where no structure is positioned or no 
other item is to be attached, a ninety degree corner bracket 90 is added in conjunction with 
the interconnecting rods 100 and nuts 102. At corners or the intersection of two modules 20 
where posts are required, brackets 98, 104 or 106 may be installed in conjunction with the 
interconnecting rods 100 and nuts 102. 

[0070] Once all the modules 10 are positioned and attached, the interconnecting 

means can be completely tightened. Using rods 100 with threaded ends 102 makes this task 
very easy. The nuts 102 are simply tightened to draw the modules 20 together. 
[0071] It is to be understood that while certain now preferred forms of this invention 

have been illustrated and described, it is not limited thereto except insofar as such limitations 
are included in the following claims. 



